GENTLE HANDLING

THE PROBLEM

Seed and specialty grains are subject to mechanical damage that decreases their value. The purpose of
this paper is to analyze the causes of mechanical damage and then propose methods for preventing
mechanical damage. There are two important considerations that we have to keep in mind. One, in
efficient grain handling and processing we minimize costs by moving grain faster and in larger quantities.
On the other hand we must do so with equipment and procedures which minimize damage to the seed
or grain.

First the formula, F=M*A. Force equals mass multiplied by acceleration. Acceleration equals velocity
squared. What this tells us is that speed causes damage. If a falling soybean doubles its velocity the
force of impact does not double, it quadruples. So this tells us that we need to keep velocity as slow as
possible to minimize impact force.

Secondly, seeds and grains are very tolerant of abrasion or sliding. They are very susceptible to damage
from impact. The old story about the man falling from the bridge is worth remembering. It was not the
fall that killed him but the sudden stop. What this tells us is that if seed is going too fast we need to
slow it down gradually. More about this later.

Increasing moisture content decreases damage due to impact. Once again we are fighting two battles.
We need to manage the moisture content of the seed and grain. If the moisture is too high we get
spoilage. If it is too low we get increased impact damage.

Damage increases with drop height. First the physics. Gravity pulls on falling grain at about 32
ft./sec*sec (precisely 32.174). Grain falling for one second will fall about 32’per second. Grain that falls
for two seconds falls at the velocity of 1024’per second. The key is that the value for acceleration is
velocity squared. Remember that F=MA from above. Decreasing the drop height or velocity of the
falling grain dramatically reduces Force.

Grain falling on grain reduces impact damage. This is true up to a point. Data from Fiscus, et al shown
in Table 2 shows that grain falling on grain is less likely to cause damage than grain falling on concrete
up to a drop height of 40’. At drop heights greater than 40’ the damage from grain falling on grain is
about the same as grain falling on concrete.

Table 1 is a summary from a study done at Mississippi State University that illustrates the effect of drop
height and moisture content on soybean germination. As you can see, increasing drop heights and
decreasing moisture content causes germination to decrease. The message is that we want to store
soybeans and other grains at the highest moisture that is consistent with long term safe storage. Also,
we want to minimize dropping the seed during processing.



Figure 1 illustrates a testing used in a study by the USDA for measuring physical damage to grain (Fiscus,
et.al.). Table 17 is a summary of the testing that clearly shows that damage to grain increases with drop
height and moisture content.

Impact damage is cumulative. Research by Paulsen and Hill showed that if grain is damaged by “x %” in
a handling operation, if the damaged grain is removed and the operation repeated it will again result is
“x %" of the grain being damaged.

THE SOLUTION

Several mechanical devices have been used in the trade to decrease impact damage to seed and grain.
All are compromises between flow rate, damage efficiency and cost. The ideal device works in a grain
handling system at high capacities, minimizes damage, is affordable and easy to install.
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Table 1. Effect of height of drop and seed moisture content on
percentage germination in soybeans.

Seed Height of drop (ft.)
Moisture Content 0 S 10 20
Percentage germination
6 98 as 80 67
12 98 . 9
14 98 97 97 97
16 98 98 96 96

18 98 96 97 96

Table 2. Effect of successive 10 foot drops on percentage germination
of soybeans at various seed moisture contents.

Seed No. of 10 ft. drops
Moisture Content 0 1 2 4
Percentage germination
6 a8 80 73 62
8 a8 78 65 53
0 28 82 73 62
12 :Y:) 04 T ——E1
14 98 97 96 98
16 98 98 98 96
18 98 97 97 97

Reprinted from Mississippl Farm Research of Mississippi State

University, August, 1964. /6% 7 % 7%
L JE T

Table 1. The effect of drop height and moisture content on soybean germination.
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Figure 1. Schematic flow arrangement of test. set up. Grain enters pit

Pit awger transfers

from storage bin on the left, via auger delivery (.
uncleaned grain to leg and via gravity spout to scale hopper @. Scale
hopper flows to cleaner for precleaning and returns grain to pit for
recycling for cleaning or test. In a test, grain flow is from the pit to
leg to vertical gravity spout (® through test device ® and into test
box @. Test box discharges into cleaner® , which returns grain to pit
for test recycling or final weigh back.

Figure 1. Flow arrangement used by Fiscus, et al.




APPENDIX ¥

TasLe 17.—Breakage in grain from free-fall and spouting dr
e A g arop

Breakage! in grains tested at indicated moisture (percent) and temperature (F.)

:
Dr Discharge Impact Spout Winter z
hei;}l:t oriﬁcf surlf):m f: a Corn Soybeans Spring wheat | wheat Pea beans ;%
(feet) diameter 126at  152at | 11.0at 10.7at 126at | 11.2at 129at{ 1l.lat | 169at 155at >
e B A R T
Inches Percent Percent | Percent Percent Percent | Percent Percent| Percent | Percent Percent g
Free fall: z
100 ........ 12 Concrete ..... —_ 12.01 6.87 4.01 3.2 1.40 0.36 0.15 0.21 - - "
12 ee GO ceevane - 707 2.54 1.82 123 .56 19 A1 18 - - g
12 ..do ieeens - 27 | 89 62 .24 6 a2 s - - %
8 R — —_ 13.82 9.55 5.83 5.72 2.18 34 18 29 13.64 - 8
8 5o O swaaias —_— 10.83 5.03 299 222 97 2 A1 .18 - - z
8 oo = 86 | 16 115 a7 18 a2 | 8 8 10 =
8 Eg_lg — 12. 7I1 [ 406 411 1.39 : 18 14 - — a
8  Ldo......... - E'r% 400 | 189 168 .62 22 A1 08 - - S
8 « Ao civiveein _— 4.35.0 25 105 4 27 .18 13 A1 .18 89 =
Average free-fall tests .............. revsensercsiesses 864 405 2.67 2.30 89 .23 13 17 4.87 85 z
Spouting: E
100 8 Steel ........Bifurcated ...... . 832 2.22 182 1.57 59 23 14 .14 3.50 126 g
40 .. 8 . muis siein do...... vees 297 .26 .82 .50 21 .19 A4 09 S = Z
T ........ 8 .do,......... Flexible turn .... 7.02 1.53 145 132 41 21 10 12 - - E’I
0 oinennns 8 B0ecciicnnes sres B0 snnninen BT 15 .67 .53 22 14 15 2 - - no:
2 Flexible turn ] 9
100 oocianas 8 «do,.verseis withbar ...00,. 799 272 2.07 228 85 24 14 A3 - -
40 ........ 8 A ws s wnain oo 30, ciessnnes 30T a3 04 5 29 .18 A3 .13 - -
Average spouting tests ........c.000n0inas Sasanseeans 29 1.20 130 1.16 40 20 A3 A2 3.50 126

1} Mean of 3 test replications. For procedure used to determine breakage, see p. 17.

Table 2. From Fiscus, et al showing grain breakage at different drop heights, impact surfaces and

moisture contents.




drag caused by centrifugal and gravitational forces acting on the grain stream
as it turned. The elbow was tested without the cyclone to identify this ini-
tial deceleration. To control the high velocity horizontal discharge from the
elbow and direct it into the container box, a tubular rubber sleeve was tele-
scoped over the free end of the elbow.

Table 2. Summary of Corn Breakage in 1977 Drop Tests Using Various Spout-end
Decelerating Devices. .

Breakage¥*
Test No. Test Date Test Device Amount Reduction**
(1bs) (%)
4 7/03/77 None-straight drop 19.3 -
7 7/21/77 None-straight drop 25.3 —
STRAIGHT IPROP AVERAGE 22.3 -—
6 7/21/77 45° cushion box 22.3
am—A————
3 7/03/77 Parallel (vertical) 19.3 13
%hign box
9 8/23/77 Grain brake 13.0 42
5 7/05/77T Bucket cascade 12.5 44
¥) 6/17/77 90° elbow-rubber sock 12.4 44
1 6/15/77 90°‘e1bow-30“ cyclone 10.2 54
8 8/16/77 90° involute-belt 5.1 77
‘ deflector’

*Breakage separated from approximately 2000 lbs of corn by a rotating cleaner
with-a 5-mesh hardward cloth screen.

-**Percentage reduction from average breakage without a decelerator.

Table 3.



ASSORTMENT TESTS

BEFORE LADDER INSTALLATION

PIECE NO SCREEN KILN MALT INTO MALT OUT OF MALT
SIZE SAMRLER HOLDING BIN HOLDING BIN

D11@4-2 ON 7/64 64, 5% £l.9% 49, 5%
ON 6/64 27.6% £B8. 6% 34. 8%
THRU S/64 @. &% W, 2% @. 1%

921107-2 ON 7/864 &, 9% EE. 74 37. 8%
ON &/64 &1, 5% o Q4 2. 5%
THRU S/64 @. 8% 1.6% 1.2%

AFTER LADDER INBTALLRTION

292144~¢ ON 7/64 T&. 9% B, 3% bl 4
ON 6/64 22.9% =7, Q% &7.7%
THRU S/64 1.1% 1. 7% 3. 6%
9z15e-2 ON 7/64 78, 8% 4. BY F4. 9K
ON 6/64 17. 5% . 2@, 7% ce. 8%
THRU 5/64 1.1% 1.1% Q. ax

Table 4. Unpublished data from Anheuser Busch’s Idaho Falls malt house showing damage to malt
before and after installing AMOS bin ladders.



